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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a thin- 
film element that allows an ionic crystal to be 

subjected to epitaxial growth on an Si 

monocrystal substrate via an appropriate buffer 

layer, and to provide a manufacturing method of 
„the_thin-=film element 

SOLUTION: First a ZnS layer 2 is subjected to 
epitaxial growth onto an Si monocrystal substrate 

1 , and ionic crystal thin films (n-GaN layer 3, GaN 
layer 4, and p-GaN layer 5) are formed on it The 
ZnS thin film is an orientation film having 
improved crystallizability and also has an improved 
surface flatness. Once ZnS can be subjected to 
epitaxial growth onto the Si monocrystal 
substrate, the ion crystal thin films can be easily 
subjected to epitaxial growth successively. 
Therefore, by setting the ZnS to a buffer layer, Si 
and an ionic crystal having a difference in a lattice 
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constant can easily form the epitaxial thin film with less lattice defects on the Si 
monocrystal substrate. The characteristics of a thin-film device utilizing it can be 
improved. 
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[0 0 6 9] 

Hi 2ft, ^l:J:9^$ilfcZnO/ZnS/S 

i (in) »g(DXRD Phi (0) **-Y^mm 

^tfrhtt&<nV;^yf&mmzn s<n (i o 5) t^- 
*#si (4 0 4) tmftvmi?faiz=.¥?*is^ / \,f$ i 

V&mmZnOtD (10 5) f^^ZnS,i:^(CS 
i (4 0 4) ^05rt^^(C^fcf^^ix^yu^ LT 

[0 0 7 0] 

Hi 312, *&W^£VMf&£fttz=il/r^'V-<D±5V 
Ohysterysis curve jH*»*«r^-*-|g 

*a>*>s ft i osmitKs o o km^itrnmrnt^'t 

[0 0 7 1] 

^IICi^M^n^iSrTiOa (fttTSTOi 
Jf C^fcbtTSTO/ZnS^y77l < l: 

?^^1«»*L<*^^^ - - 

i o t s t o t te+iz&i&m *m&$> y mm<nm&\z 

Si (100) ««±Srfflv^ ^ ifc* 9 mzl!»tt 

[0 0 7 2] 
[HJfcfll3] 

50 Buft *¥&mic£VB&Lftmm=^T>'vm*<D 
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mf&*7F-t®X. m^n^r2 1 l4nSS i (100) s 
2 2ten5!!Si (1 0 0) Sffi 2 I ±\ZW^fSL^tltz 
Al hWZB-ZnSi (4 0nm) , 2 3 I4A 1 K 
"^ZB-Zn Sf2 2±«C»rtS*tfcS rTiOal 

(4 5 0 nm) , 2 4 14 S r T i O 3 jf 2 3 ±lZB& £ 
ftti±.&mffi (200nm) £;7*LT^£ 0 

[0 0 7 3] 

0*19, niS i (10 0) m&&mtii2 ltm\i\ ± 

^Iffi^iSZ n Sf 2 2 ^ 3 0 n mM L, -£-CO±f£ 
S r T i OaCO&^Wf 2 3 ZMffcL. m*XP t CO J: 
35«H 2 4 £rfl2/&L/c 0 T3&m«l4 S i S« 2 1 t Lt 

[0 0 7 4] 

<fc5fc*li*Six3 Q *i\ n^COS i tejggt (1 0 0) 

0 01CICTA l^l%K^lfcZnSirPLDj£|.T 
^4 0nmMLfco S r T i Oa ^rPLDiSfef; 

T#J4 5 0 nmfl2/£Lfc 0 S r T i O 3 Mf&<Dti)M&$® 

n m<D S r 

T i Os*»j«Lfcifca»&|ft**5X 1 0-4 To r r 
*AU 0 ffc ^y^^Pt^)0O. 5 mm CO 
ffifX& : &-fZ±mm i mm&ft}2 0 0 nmJ£/£Ltf: 0 Zn 
S « A 1 * K-^LT*tttt»fctr*8 OTSil 

[0 0 7 5] 

0151*, **fllCJ:5*rt^fcSTO/ZnS^s/ 
77lOXRD Ph i (0) **ir^«S»**^r 

^Sco-fe>M#&«;«itz ns^si fcHrt-cH^mics 

4 smmm\*X=-\f**is+A>aL*\,x^&Z.bt:& 

r„ 

[0 0 7 6] 

Hi 6 (a) f (b) 14, STO/ZnS/S i »R<Z> 
*flffTEMfft«r**i-H"C*>S 0 016 (a) liZnS/ 

5 i JWfc, @16 (b) fiSTO/ZnSM^L 
Tv^s 0 bi>iz&&tfinmx3bZ 0 

^00 7 7] 

01 7(4, *»WfcJ:9*rtS*LfcsTO/2n S/S 

i (ill) *«coAFM*ffi»ttH4r^rH"r*>« 0 
RMS-1. 8 nmO^C^aftK^A&tLTV^. «fc 
oTSTO/ZnSill^yfyf^^igi LT 

[00 7 8] 
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40 



«W bK»«±lc^ * * > * 'HSSIc J;?)»«snft& 
(^h*fc*3tteft»/ZnS/<y77li:ii)i 

'< 7 r ■<o±^j»ftttft < ^ * 

[0 0 7 9] 

tt*#*tt*»0»-fr|CttS i (10 0) &«£/^Z 

B-ZnS$rMtt (10 0) E|6]CDa&|£&^i- 
5r A^0l6Oj($al^^^}^o^fcf4S i 

(111) S«£r#ll\ W-ZnS^MLT (1 1 

[0080] 

S i S«l(C^LfcZn Sx<^ 7r s_h (c: ^^- se 
*x5„ ^n^co^jRi4®^i:^»^<D«it«rir 

9, tt^SSMt, ^ix-eixO. 3 8 0 3 1 nm, 0. 3 
8 3 9 nm, 0. 3 8 9 0nm s 0. 3 9 2 3 nmT?£> 
^ft^GOte^^, S i ^Z n SCO^^^^CO/* 
Otft-CTLO. 3 84 0nm£0. 3 8 2 5 n 
m) lCrtH,WuiS<, SitZnSHJlfee^* 

[008 1] 

<fcoT, S i S«_kfCfl2/£LfcZ n S ^ y ;7 r Jf 

ft h & ^ Jf £ ^ hT * 3r > ^ f WSg £ -tt 5 r £ v Z 

[0 0 8 2] 

[J&66W4] 

HI 8tt, ««l:J:»)»«LfcBSTO/P t/.Zn 

SSi (10 0) 32(4n^|Si (100) 

3 l±fc»dJSjxfcA 1 K-/ZB-Zn Sf (2 0 0 
nm) , 33fUI K^ZB-ZnS|32±fcW 
ZfrltPtm (2 0nm) , 3 4J4Pt®3 3±(C^ 
Sttfc (Ba, Sr) TiOsJf (3 0 0nm) , 35 
14 (Ba, Sr) T i Oa » 3 4±fc#rt3ftfc±««* 
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♦£ (20 0nm) i^Ltl^, 
[0 0 8 3] 

o*0, n^S i (10 0) 3 1 *m\i\ ± 

^$ft«:iiZnSl32S:2 00nmMl, *<D± 
CPti3 3^2 0nraffiltU (Ba, Sr) 

T i03OSi#f34^U »>TP t(^±ffl5« 
ffi3 5$r^L^ e TSS««teS i S«3 1 £ LTl/> 

[0 0 8 41 

<fc9K8¥it£*l£o nl^S i (10 0) IJij&ft 

i-An. i oftm&~?nmzx>\,^tz 9 s«*a* 7 5 ox: 

KTA 1 £1% K-^LfcZ nS^PLDSl:tl!)2 0 
OnmMLt P t %*s* v ^fe-CS«!S4 

OOt-ClOnmMU 5 O O'CKJztfT 

JbClOnm^U §1 s/* ETC (Ba, 

Sr) TiO3S:3 0 0nm^Lfc o Xs<? 

^2 0 0nmMLfc o Z n SliA 1 K-/U#S 
(0 0 8 5 J 

01912, ^IHEfCj: t?^$iifcP t/Zn S^<^^ 
rScoxRD Phi U) ^*ir^«3fe»**^i-H 

COP t^fiC**<D-fe^§E»tt#|it2n SK^fcf* 
[0 0 8 6) 

1112 011, #$§9§{Cj; *>mat£tiitB STO/P t/Z 
n S/S i »Jg|COXRD- i n-p 1 a n e ffi£«*tr 
^-TI^TfcSo (2 0 0) % 

BSTO (200) % Pt (2 00) Ob'-^^to 
BSTOirPtCOrocking curve 

^2deg. a*4^av^C0ttJ«JBt*fl=<D*aiYfc 
^ftSJiT^ftv^Mfc*, -^e>co«3£»*JcJ:D 
B STO/P t/Z n S/S i flmf**ft«Xse^# 

— ["0~0 8"7 J 

itT, #J;itf (J. Z. S 
un, W. J. Gallagher, P. 
R. Duncombe, L. . Krusin— El 
baum, R. A. A 1 t m a n , A. Gu 
pta, Yu Lu, G. Q. Gong an 
d Gang Xiao, Appl. Phys. L 
ett. 69, 3266 (1996)) IdfStttO 
(La, Sr) MnOa/SrTiOa/ (La, S 
r) MnOs«itS:fflv>«ft-fev^Sr«fiJi-r-5Ci^-e 
Si5Sl|:ZnS^>777i*fc|j:ZnO/Z 
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nS, STO/ZnS, P t /Z n S «i£<D^ y y r jf 

S*-J:0, (La, Sr)Mn03, SrTiOa, 
(La, Sr) Mn03Sr«*Mlt«*tVt^ 

[0 0 8 8 J 

National Technical Rep 
ort Vol. 33No. 8, 687 (1987) 
l-IE*0«*3t*S**«r#r*»ft:**t» (Pb, L 
/0 a) (Zr, Ti) Oa «rffll^T*^-< 5^*81*^* 
»filt5liW*5 0 Sig«±K, ZnS^y7 7 
JlSfcte, ZnO/ZnS, STO/ZnS, Pt/Z 
n S«jtC0^-/^ r ^$:j: * L, ^CO 
Jrfc, ^^^^v-ir/^^Jci:9Ta 2 Os*3J:U^ (P 
b, La) (Zr, Ti) OafcJgJfcfl^L, v 

[0 0 8 9] 

liZnO/ZnS, STO/ZnS, Pt/ZnSii| 

tLTGa N«r*rt Lfc»fi\ «*<BJE«fc2r 
[0 0 9 0] 

£/c, ZnS^;y77Pit/j;<ZnO/ZnS, S 
TO/ZnS, Pt/ZnS«it(D/<2/77i^V^ 
50 ^<HC<fc9, ZnSfOt^^Zn^S^ZnSOl 

[Hi] *»WlcJ:i9«rilL*:GaNIB*^>f^--K* 
^©tt/££^1-0T£>£ o 

[bb 2 j afla*F«*tt«Mftic j: 5 z n swmvm 
as wis * ^*t*0 t? 5 , 

[03] ZnS^y7 7lO XRD (X-R a v D_i 

40 f f r a c t i o n ; X«0flf) a^tt*Sr*i-H"C, 
(a) «2e-oi-x#ir^W«»*4:^L, (b) liw 
-Z n S (1 0 5) OPh i (*) ***vaMg»*4: 

[04] ZnS/S i (111) »/g|<OAFM (JK^pg 

[0 5] /v^ir— Ofe&BI&Fi- 
0-C£>5 o 

[0 6] *8«-CMLfcGaNM^t- K**© 
50 [0 7] iiWII»*Cj:D^e)n^ZnO/ZnS/S i 
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Wt&cD fcrSp S E Mtt£r7j*1-[g-cfc -So 
[08] «9ll:J:9flW:ZnO/ZnS/S i* 

m<omm r e m# & Tjk-tm v *> 5 . 

[09] *^iaot»^ZnO/ZnS/S i 

[Bill **Wi:j:!)»j«41xfcZnO/ZnS/<y 

(0 00 2) ^(Orocking c u r v e *7jk 

[012] *&WiZ±QMf££t h t zZn o/ ZnS / s 
i (1 1 1) Sl^XRD Phi U) ***^ajj£ 

[013] *&mizj: *)M&isti1t^>7 s >y'<n± 5 v 

Ohysterysis curv e^Sj^^ig 

[014] ^WJCjlOjFgj^LfeWK^^^*^ 
«^£^1-0T£>5 O 

[01 5] *^l£j;9^/££;h,fcSTO/Z n S^y 
^TSCOXRD Phi U) ***^W**t**i5*i- 

[016] STO/ZnS/Si»^iiTEMM 
^0-T. (a) HZnS/S i#®£, (b) IJST 
O/Z n S#D5£r^-t-0-?£>5 o 

[01 7] *^l;J:0M^STO/ZnS/S 

i (111) mm<DAFMm&M#ii&&7f:-tm'e&z 0 

[018] *^|Cj;9WtfcBSTO/P t/Zn 
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[0 19] *«WlcJ:9»rt4ixfcP t/ZnS/^s/7 
zSOXRD Phi (0) ***>MJt»*fc^-#-BI 

[02 0] *»WcJ:a*rt£ftfcBSTO/p t/Z 
n S/S i fgOXRD- i n - p 1 a n e MKttrJR*: 

^•f-0-r*>5 o 
[#*§-*> ifcWJ 

1 S i ( 1 l 1 ) 

2 W-ZnSi 

3 n - G a Nf3 (1 0 0 n in) 

4 GaNKlOOnm) 

5 p-GaNl (lOOnm) 

11 nisi (in) mm 

12 Al K-yW-ZnSf ( 1 5 n m) 

13 Al K-^W- ZnO| (4 0 0nm) 

14 SrTiO 3 |(l90nm) 

1 5 ±t®m,m (2 0 0 nm) 

2 1 TiMS i (10 0) g;£ 

22 Al K /ZB-ZnSf ( 3 0 n m) 
2 3 SrTiO 3 |(4 5 0nm) 

2 4 (2 0 0 nm) 

3 i n^s i (ioo) mm 

32 Al K-T'ZB-ZnSi (200nm) 

33 Pti(20nm) 

34 (Ba, Sr) Ti03§ ( 3 0 0 n m) 
3 5 ±Umm ( 2 0 0 n m) 



[01] 



[0 2] 



[04] 



20cm 



I F-GtN 




GaW 








SI(111)M 







.J 



























[017] 
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